The average dispersion in arrival time of air shower particles detected with a scintillator at an impact parameter r is described with accuracy 5-10% by the empirical formula <o > = Oto(l + r/rt )b, where _to = 2.6 ns, r t = 30 m and b = (1.94±.08) -(0.39±.06) sec 8, for r < 2 km, 108 < E < I0 II GeV, and 0 <
60°.
(E is the primary energy and 8 is the zenith angle.)
The amount of fluctuation in _t due to fluctuations in the level of origin and shower development is less than 20%. These results provide a basis for estimating the impact parameters of very large showers with data from very small detector arrays (mini-arrays).
The energy of such showers can then be estimated from the local particle density.
The formula also provides a basis for estimating the angular resolution of air shower array-telescopes (conference paper OG9.5-6).
i. Introduction. The particles making up an air shower (AS) travel in a swarm which is remarkably compact near the shower axis. Within I0 m of the axis the thickness is only a meter or two (Bassi et al. 1953) . But when the thickness was measured at much greater distances it was found unexpectedly to be much greater, tens to hundreds of meters (Linsley et al. 1961 Table 2 . Inspection shows that they are reasonably consistent with those for the one large event ( Table i ), and that all of the data, including data at small core distances referred to in the Introduction, can be represented by the empirical formula <at> = ato(l + r/rt )b (I) with got = 2.6 ns, rt = 30 m, and b _ 1.5. When these fixed values are taken for got and r t, the value of b controls the fit at large distances. A best value for b will be determined next from data set 3.
The original records for all years of Volcano Ranch operation except the last one (1962) (1963) have been lost, so it is not possible to reexamine the record of event No. 2533. Records still exist, however, for more than 500 large AS, including 16 which satisfied the condition (E > 1019 eV) for being listed in the Catalogue of Highest Energy Cosmic Rays.
The proposed method of determining r (and hence E) from a t and S (integrated particle density) at a single location was tested using thesel6 events (Linsley 1983 
